APPARATUS AND METHOD FOR PROCESSING WAFERS 



Related Applications 

This application relies for priority on Korean Patent Application number 2003-1 1777, 
filed on February 25, 2003. The contents of that application are incorporated herein in their 
entirety by reference. 

Background of the Invention 

As the sizes of semiconductor integrated circuits and the design rule for line widths have 
decreased, the issue of contamination of the devices and substrates or wafers during processing 
has become more important. The demand for extremely clean processing environments for these 
devices has increased. As sizes of wafers has increased, for example, from 200mm diameter 
wafers to 300mm wafers, fully automated systems have also become a requirement for 
processing the wafers. The area of a 300mm wafer is 2.25 times larger than the area of a 200mm 
wafer, and the 300mm wafer is about 2.2 times heavier than a 200mm wafer. These increases in 
wafer size and weight and in the demand for cleaner processing environments have led to the 
requirement for complete automation of wafer processing. 

The SEMI Standard provides standards for semiconductor processes and processing 
equipment. For example, the SEMI Standard defines an Equipment Front End Module (EFEM), 
which includes a wafer or substrate carrier handler that receives wafer carriers from the factory 
material handling system at one or more of its load ports (as specified in SEMI E15.1). The 
EFEM generally includes load ports for receiving the carriers, a transfer unit and a frame or 
"mini-environment." 

A conventional open-type wafer container is typically exposed to the clean room 
environment. As a result, the entire clean room conventionally was maintained at the required 
cleanliness of the wafers. As the cleanliness requirements have become more stringent, 
maintaining an acceptable clean room has become extremely expensive. A closed-type wafer 
container can separate environments in the clean room by preventing exposure of the wafers in 
the container to the clean room environment. A front opening unified pod (FOUP) is one type of 
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closed-type wafer container. 

U. S. Patent Number 6,074,154 discloses a conventional substrate processing system with 
a substrate transfer system. U. S. Patent number 6,032,704 discloses a conventional wafer 
storage container or pod used in wafer processing systems. Both of these U. S. patents are 
incorporated herein in their entirety by reference. 

FIG. 1 contains a schematic top view of a manufacturing process system or tool 10 
having an EFEM 40. The EFEM includes a frame 12 and a plurality of wafer pod load stations 
14. An interface wall 16 separates the clean room 18 from the gray area 20 where the processing 
system 10 is housed. A single wafer process tool may include one or more load lock chambers 
22, a central transfer chamber 24 and a plurality of processing chambers 26 mounted on the 
transfer chamber 24. A robot 28 disposed in the frame 12 moves wafers from wafer pods 
disposed on the pod loading stations 14 into the load lock chamber 22. A robot 30 disposed in 
the transfer chamber 24 moves wafers from the load chamber 22 into the processing chamber 26. 
The pod load stations 14 receive the pods (FOUPs), and the wafers carried in the FOUPs are 
transferred into the frame 12 and the wafer process equipment 10. 

FIG. 2 contains a cross-sectional view of the processing system 10 and EFEM 40 having 
a fan 42 and a filter 44 which intake air into a wafer handling zone of the EFEM 40. When a 
silicon wafer is exposed to air, an undesired native oxide is grown. In a conventional system, to 
reduce the oxide grown, the fan 42 can inject an inert gas instead of air into the EFEM 40. 
However, the cost for this approach is very high. A wafer container or pod (FOUP) 13 is 
mounted on a port 14 of the EFEM 40. The EFEM 40 includes a platform 15 on which wafers 
transferred from the pod 13 can be mounted. 

A wafer container having an injector of inert gas is described in U. S. Patent number 
6,032,704, incorporated by reference above. However, a drawback of this technology is that the 
handler or EFEM or the wafer container have a complicated configuration and high cost. 

Summary of the Invention 

The invention is directed to an approach for reducing the amount of contaminants in a 
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wafer processing system. In one aspect, the invention is directed to an apparatus and method for 
processing a wafer. A flow chamber includes a first gas inlet for allowing a first gas to flow in 
the flow chamber. A wafer inlet at which the wafer enters the flow chamber is coupled to a 
wafer storage device. A wafer outlet at which the wafer exits the flow chamber is adapted to be 
5 coupled to a wafer processing apparatus. A robotic apparatus in the flow chamber moves the 
wafer from the wafer inlet to the wafer outlet. A second gas inlet allows a second gas to enter 
the flow chamber such that the second gas combines with the first gas and flows into the wafer 
storage device, such that the amount of contaminants entering the wafer storage device is 
reduced. 

10 The first gas can include clean dry air. The second gas can be an inert, stable gas. The 

second gas may include nitrogen, argon, helium and/or clean dry air. 

In one embodiment, the wafer storage device is a front-opening unified pod (FOUP). The 
apparatus of the invention can be an equipment front-end module (EFEM). 

The first gas has a substantially laminar flow in the flow chamber. The second gas also 
15 has a substantially laminar flow in the flow chamber. The second gas does not introduce 
turbulence into the flow chamber. The combined flow of the first and second gases is 
substantially laminar. 

The apparatus of the invention may include a fan for moving the first gas into the flow 
chamber and a filter for filtering the first gas flowing in the flow chamber. The flow chamber 
20 may comprise a mini-environment. The apparatus may also include a third gas inlet for allowing 
a third gas to enter the flow chamber. In one embodiment, the robotic element is a wafer 
handler. 

In another aspect, the invention is directed to an apparatus and method for manufacturing 
a semiconductor device. In accordance with this aspect of the invention, the wafer storage 
25 device stores a semiconductor wafer on which the device is to be manufactured. A wafer 

processing apparatus performs a manufacturing process on the wafer, and the wafer transfer 
apparatus transfers the wafer between the wafer storage device and the wafer processing 
apparatus. The wafer transfer apparatus includes a flow chamber having a first gas inlet for 
allowing a first gas to flow in the flow chamber. A wafer inlet at which the wafer enters the flow 
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chamber is coupled to the wafer storage device. A wafer outlet at which the wafer exits the flow 
chamber is adapted to be coupled to the wafer processing apparatus. A robotic apparatus in the 
flow chamber moves the wafer from the wafer inlet to the wafer outlet. A second gas inlet 
allows the second gas to enter the flow chamber such that the second gas combines with the first 
5 gas and flows into the wafer storage device, such that the amount of contaminant entering the 
wafer storage device is reduced. 

The first gas can include clean dry air. The second gas can be an inert, stable gas. The 
second gas may include nitrogen, argon, helium and/or clean dry air. 

In one embodiment, the wafer storage device is a front-opening unified pod (FOUP). The 
10 apparatus of the invention can be an equipment front-end module (EFEM). 

The first gas has a substantially laminar flow in the flow chamber. The second gas also 
has a substantially laminar flow in the flow chamber. The second gas does not introduce 
turbulence into the flow chamber. The combined flow of the first and second gases is 
substantially laminar. 

15 The apparatus of the invention may include a fan for moving the first gas into the flow 

chamber and a filter for filtering the first gas flowing in the flow chamber. The flow chamber 
may comprise a mini-environment. The apparatus may also include a third gas inlet for allowing 
a third gas to enter the flow chamber. In one embodiment, the robotic element is a wafer 
handler. 

20 In one embodiment, the wafer processing apparatus is a chemical vapor deposition 

apparatus. In another embodiment, the wafer processing apparatus is a furnace. The wafer 
processing apparatus may also be a dry etch apparatus or a metrology apparatus. 

The wafer processing system of the invention provides numerous advantages over prior 
approaches. Because of the two gas inlets resulting in two gas flows in the flow chamber of the 

25 transfer apparatus, contaminants are substantially prevented from entering the wafer storage 
device, i.e., FOUP. As a result, more reliable devices can be fabricated at much higher yield. 
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Brief Description of the Drawings 

The foregoing and other objects, features and advantages of the invention will be 
apparent from the more particular description of a preferred embodiment of the invention, as 
5 illustrated in the accompanying drawings in which like reference characters refer to the same 

parts throughout the different views. The drawings are not necessarily to scale, emphasis instead 
being placed upon illustrating the principles of the invention. 

FIG. 1 is a schematic view of a conventional wafer processing system. 

FIG. 2 is a cross sectional view of the wafer processing system of FIG. 1 . 
10 FIG. 3 is a simulative graph of an EFEM showing conventional distribution of NH3 

contaminants inside and outside of the EFEM. 

FIG. 4 is a simulative graph of an EFEM showing conventional distribution of Cl 2 
contaminants in the EFEM. 

FIG. 5 is a simulative graph image of an EFEM showing an air stream from a top portion 
15 into a bottom portion showing laminar flow and swirling flow in the conventional EFEM and a 
wafer container mounted thereon. 

FIG. 6 is a schematic perspective view of an EFEM in accordance with the present 
invention showing an inert gas nozzle installed in the EFEM. 

FIG. 7 is a simulative graph of an EFEM in accordance with the present invention 
20 showing distribution of NH3 contaminants in a wafer container and the EFEM. 

FIG. 8 is a simulative graph of an EFEM in accordance with the present invention 
showing distribution of CI2 contaminants in a wafer container and the EFEM. 

FIG. 9 is a schematic view of inert gas nozzles installed in the. EFEM, in accordance with 
the present invention. 
25 FIG. 10 is a top view of a wet station coupled to EFEMs. 

FIGs. 1 1 A and 1 IB contain schematic cross-sectional views of semiconductor devices in 
a manufacturing process of forming a self-aligned contact (SAC) and depositing a conductive 
layer, in accordance with the present invention. 
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Detailed Description of Preferred Embodiments of the Invention 

FIGs. 3 and 4 illustrate simulated contaminant distribution in an EFEM 40 and FOUP 13. 
FIG. 3 illustrates the distribution of contaminants, which in this exemplary illustration include 
NH 3 contaminants, from outside the EFEM 40. FIG. 4 illustrates the distribution of 
5 contaminants, which in this exemplary illustration include Cb contaminants, introduced into the 
EFEM 40 and FOUP 13 from the adjacent wafer processing equipment. 

FIG. 3 illustrates contaminants outside and inside the EFEM. The concentration of 
contaminants, in this example NH 3 contaminants, is indicated by spatial concentration contour 
lines 105. Contaminants, including NH 3 and molecular contaminants such as CI, F, Br, etc., are 
10 introduced into the EFEM 40and the FOUP 13. Even if particles are filtered, molecular 

contaminants penetrate the filter and enter the EFEM and FOUP. The molecular contaminants 
degrade the efficiency and operational characteristics of the devices formed in the semiconductor 
substrates exposed to the contaminants. 

The simulative graph of FIG. 3 simulates the conditions of 0.4 m/sec of air stream from 
15 the topside of the frame 12 and 1000 ppm of NH 3 contaminant source of the EFEM. As a result, 
lOOOppm of NH 3 is detected inside the EFEM 40, outside the EFEM 40 and inside the FOUP 13. 

FIG. 4 shows contaminants introduced into the EFEM 40 and FOUP 13 from process 
equipment such as chemical vapor deposition (CVD) equipment, dry etch equipment, thermal 
furnace, developing equipment or metrology equipment. Contaminants, such as CI2, are 
20 dispersed into the EFEM 40 and the FOUP 13. These contaminants not only produce an 

undesired native oxide layer on wafers but also degrade operational characteristics and yield of 
semiconductor chips. 

The simulative graph of FIG. 4 simulates the conditions of 0.4 m/sec of air stream from 
the topside of the frame 12 and lOOOppm of Cb contaminant from wafer process equipment 
25 which enters the EFEM 40 through the fram 12 at the location marked "A". As a result, as 

shown by the contaminant concentration contour lines 105, contaminants are detected inside the 
EFEM 40, and lOOppm of Cl 2 is detected in the FOUP 13. 
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FIG. 5 contains an image which illustrates a simulated profile of conventional air flow 
from the top side of the EFEM 40 in a conventional configuration. As shown in the figure, a 
portion of the air stream flows into and circulates within a wafer storage container, for example, 
the FOUP 13, through an opening at a side wall of the EFEM 40. Even if the air stream is clean, 
5 the air may contain oxides, moisture, etc., and, therefore, could produce undesired native oxide 
on the in the container. This native oxide can degrade the performance and yield of 
semiconductor devices formed in the wafer. For example, if the native oxide forms on a contact 
hole including polysilicon, the resistance of the contact increases. 

FIG. 6 contains a schematic perspective view illustrating an embodiment of an EFEM 

10 100 in accordance with the present invention. In accordance with the invention, in addition to 
the gas, e.g., air, introduced into the EFEM 100 from the top side, an additional gas flow is 
introduced into the EFEM 100 of the invention to substantially reduce or eliminate the flow of 
contaminants into the FOUP. In accordance with the invention, the EFEM 100 includes a gas 
nozzle 1 10 in the frame 160, which allows for the introduction of an additional flow of gas into 

15 the EFEM 100. Specifically, a stable, inert gas such as N2, Ar, He, clean dry air, etc., is allowed 
to flow into the EFEM 100. In one embodiment, the flow of the second gas into the EFEM 100 
is accomplished with little or no interruption in the laminar flow of the gas entering the EFEM 
100 at its top side. This combined flow of gases prevents the flow of gas and contaminants into 
the FOUP. As a result, contamination of the wafers stored in the FOUP is virtually eliminated. 

20 Referring to FIG. 6, FOUPs 120 are loaded on the wafer load station 130. A transfer 

mechanism or platform 140 is installed in the frame 160. Wafers are transferred into process 
equipment 150, such as, for example, CVD equipment, dry etch equipment, thermal furnace, 
metrology equipment, etc., by the transfer mechanism 140. The FOUP2 120 are loaded or 
unloaded on the wafer load station 130 by a container transfer mechanism such as an overhead 

25 transfer (OHT) or overhead conveyor (OHC) system and an automatic guided vehicle (AGV or 
RGV) system. Wafers are transferred to the process equipment 150 via an opening 170 in a side 
wall of the frame 160. In one embodiment, the inert gas nozzle 1 10 is installed at a side of the 
frame 160 in order to inject inert gas and comply with air stream or air flow into the FOUP 120. 
A preferred position of the inert gas nozzle 1 10 is adjacent to and above the opening 170 in the 
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frame 160, as shown in the figure. 

A fan (not shown) is installed the upper portion of the frame 160 in order to create an air 
stream from the upper portion to the bottom portion of the frame 160. A filter (not shown) may 
be installed in the frame 160 for cleaning the air stream. Using this system of the invention, the 
5 clean room is separated to International Standard Organization (hereinafter as "ISO") Class 5 

and ISO Class 2 for economic maintenance. The semiconductor process path, such as the FOUP 
and EFEM environments are above ISO Class 2, and the outside of the process path is under ISO 
Class 5. 

FIG. 7 illustrates a simulated contaminant distribution in the FOUP 120 and the EFEM 
10 100 in the configuration of the present invention, that is, with the additional gas flow introduced 
into the EFEM 100. In particular, FIG. 7 illustrates, via the concentration contour lines 105, 
spatial distribution of NH 3 contaminants. The simulated graph of the contaminant distribution is 
simulated by conditions of 0.4 m/sec of air stream from the top side of the frame 160 and 1000 
ppm of NH3 contaminant source from the clean room, that is, outside of the frame 160. As 
15 shown in the figure, in the configuration of the invention, less than 500ppm (480 ppm) of NH 3 is 
detected in the FOUP 120. This is an large improvement over the NH 3 concentration in the 
conventional configuration, as illustrated in FIG. 3, where lOOOppm of NH 3 was detected in the 
FOUP. 

When the manufacturing process steps are performed in the configuration of the present 
20 invention, wafers in the FOUP 120, which is filled with inert gas such as nitrogen, helium or 
argon, are transferred into the EFEM 100, in which the lamina-flow air stream flows from the 
upper side of the frame 160 to the bottom side of the frame 160. The inert gas introduced via the 
gas nozzle 110 protects wafers from oxidation and prevents contamination from wafer to wafer. 
The inert gas with the air stream from upper side of the EFEM 100 can flow as laminar flow and 
25 does not interfere with the environment of the EFEM 100. 

If the inert gas introduced in accordance with the invention interrupts the laminar flow of 
the air stream by introducing turbulence, it is possible that the wafer and the inside environment 
of the EFEM may be contaminated by a contaminant introduced by the process equipment 150 or 
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entering the EFEM 100 by other routes, such as the air fan at the top side of the frame 160. Also, 
if the injection of inert gas is performed at too high a pressure, second contamination caused 
from contaminates of the FOUP can occur. Accordingly, in the preferred embodiment of the 
invention, the flow of inert gas does not interfere with the flow of the air stream. The speed of air 
5 flow and inert gas can be reciprocally determined for laminar flow. 

FIG. 8 illustrates a simulated contaminant distribution in the FOUP 120 and the EFEM 
100 in the configuration of the present invention, that is, with the additional gas flow introduced 
into the EFEM 100. In particular, FIG. 8 illustrates, via the concentration contour lines 105, 
spatial distribution of CI2 contaminants. As shown in the figure, even though there are 

10 contaminants in the process equipment and the EFEM, there are virtually no contaminants in the 
FOUP 120. In accordance with the invention, the clean gas or inert gas, e.g., nitrogen, argon, 
helium, clean dry air, etc., prevents contaminants from reaching the FOUP 120. FIG. 8 
illustrates conditions of 0.4 m/sec of air stream and lOOOppm of Cl 2 as contaminant from process 
equipment 150. As illustrated by the concentration contour lines 105, almost zero ppm of CI2 is 

15 detected in the FOUP 120. The concentration of contaminant is greatly reduced, compared to 
that of the conventional configuration illustrated in FIG. 4. 

FIG. 9 illustrates another embodiment of the invention showing inert gas nozzles 
installed in the EFEM 400. The drawings in FIG. 9 are two views of the EFEM 400 rotated 
ninety degrees to each other. Inert gas nozzles, 200 and 300 are installed in the EFEM 400. The 

20 inert gas nozzle 200 introduces inert gas such as nitrogen, argon, helium, etc., or clean dry air 
into a FOUP 220 and prevents air flowing in the frame from flowing into the FOUP 220. The 
inert gas nozzle 300 injects inert gas or clean dry air into the FOUP 220. The EFEM 400 in FIG. 
9 may be coupled with a wet station as shown in FIG. 10. 

Referring to FIGs. 9 and 10, in a semiconductor manufacturing process, wafers are 

25 cleaned at wet baths 250 and stocked in the FOUP 220. While the FOUP 220 is empty, the inert 
gas nozzle 200 introduces gas into the FOUP 220 for about 20 seconds. After gas fills the FOUP 
220 via a control valve, wafers are transferred into the FOUP 220 by a robot 240. 

During manufacturing of semiconductor devices, wafers having sources, drains, gate 
electrodes and isolation areas such as shallow trench isolation (STI) are deposited with a 
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dielectric layer by a conventional chemical vapor deposition (CVD) method. Then contact holes 
(or self-aligned contacts) are formed to expose surfaces of sources/drains by etching the 
dielectric layer. After etching with chemicals, the residue on the contact hole should be removed 
and cleaned in the wet baths. The wafers are transferred for subsequent manufacturing process 
5 steps, such as filling the contact hole with polysilicon. 

In conventional processing systems, however, wafers with contact holes have a tendency 
to grow undesired silicon dioxide because the silicon surface of the contact holes is exposed to 
air. To eliminate this problem, the purpose of filling gas in the FOUP is to prevent the growth of 
silicon dioxide in the contact hole. After wafers 230 are stocked in the FOUP 220, the inert gas 

10 nozzle 300 purges air out of the FOUP and prevents intake from the outside of the FOUP 220 by 
a control valve. A FOUP opener closes the FOUP with a lid and the FOUP 220 is unloaded. The 
shapes of inert gas nozzles 200, 300 can be rectangular, cylindrical, elongated triangle, etc., 
which may have a plurality of holes or elongated slits for the gas. 

FIGs. 1 1 A and 1 IB contain schematic cross-sectional views of semiconductor devices in 

15 a manufacturing process of forming a self-aligned contact (SAC) and depositing a conductive 
layer, in accordance with the present invention. After gate electrodes 410 and an interdielectric 
layer 430 are formed on the semiconductor substrate 401, a SAC (contact hole) 420 is formed by 
a conventional method. The interdielectric layer 430 can be Boron Phosphorus Silicon Glass 
(BPSG). After etching the interdielectric layer 430, a cleaning process is conventionally 

20 performed with chemicals such as dilute HF for removing polymer on the contact hole 420 in 
order to prevent increase in the contact resistance. When contaminants such as polymer or 
silicon dioxide are present, a polysilicon layer 440 of about 3000A of thickness and the surface 
of the contact hole can deteriorate. So, after cleaning wafers in chemical baths 250, wafers 230 
are transferred into the EFEM 400 and are transferred into the FOUP 220 by a robot 240 shown 

25 in FIG. 10. During the transfer in the EFEM 400 shown in FIG. 10, wafers may be exposed to 
air and native oxide may form in the contact hole as a result. In accordance with the invention, 
the inert has nozzles 200 and 300 can prevent wafers from becoming contaminated and having 
native oxide formed on them. 
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While this invention has been particularly shown and described with reference to 
preferred embodiments thereof, it will be understood by those skilled in the art that various 
changes in form and details may be made therein without departing from the spirit and scope of 
the invention as defined by the appended claims. 
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